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SUMMARY

~ The longitudinal-stablllity and --control characterilstics
of a twln-englne patrol airplane as redicted from the

. results of wind-tunnel tests:of a powered model and as
measured in flight are compared 1in this report. The accuracy
of the wind-tunnel predictions and the recasons for dls-—
crepancles are analyzed and dlscusscd.

Trke predictions from wind-tunnel-test data were in good
agreement wlth flight-test results. The results show that
such predicted flying-qualities characteristics are suffl-
ciently accurate to indicate -the unsatisfactory longitudinal-
. 8tabllity and —control charactoristics of alrplanes 1ln the
preliminary design stage. The wind-tunnel data may be used
to deduce the chief reasons for thede unsatisfactor; charac—
teristics and to indicate possiple - _ethods of improvement.

The aerodynamic longlitudinal—~stability derivatives as
. estimated from flight-test data and as measured in the wind
tunnel were, in general, in good sgrccment, The difrferences
which -occurred could be attributed partlally to small
physical dissimilarities betwecn the model and the airplane
and to inaccuracles involved in estimating the flight thrust
- coegfficients for use.in matchling power conditions.
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INTRODUCTION

During the past several years the flying qualities of
various alrplanes have been estimated from the results of
wind-tunnel tests made while the alrplane was in the design
8tage. These predicted flylng qualities have becn used to
determline compllance with the critical stability and control
requirements. Baslc changes to the airplane, necessary for
correction of unsatisfactory characterlstics, have been
determined from these data. No comprchensive study of the
accuracy of such methods of predlctions has been made in the
past, and 1t was conasldered desirable to compare in a detalled
manner the predicted flying qualitles with those measured in
flight. Such a comparison should lead to a better under-
standing of the accuracy of the predictions and control
characteristics, as well as to improverments in tcets and
methode which will result in more accurgte estimetes in the
future.

As g part of this correlation program, flight tests were
made to detcrmine the flying qualltles of a twin-engine alr-
plane for the purpose of comparlson with the results of tests
of a 1/9-ecale powered model in the Amcs 7- by 10-foot wind.
tunnel (reference 1). Comparison of the test airplane with
the wind-tunnel model 1indilcated that the sirfoll sectlion of
the model horizontal tall surface diffcred considerably from
that on the actual airplane. Hence, the wind-tunnel-test
resulte presented in reference 1l were not considered sulteble
for comparison with the flight-test results, and repeat tests
were made wlth the model altered to coriespond to the alrplanec.
The predictions presented herein werc computed from the results
of these latter tests.

The longltudinal-stability and ~control characteristics
which are ususally oredictcd from the wlnd-tunnel-stabllity
and -control test data are static longitudinal stabililty,
elevator control in maneuvering flight, and elevator control
in landing. The results presented arec confined to these
characteriaticse, as they are critical 1n design work and are
the longitudinal characteristics most sultable for comparison
with flight-test data. The corrclation of the lateral- and
directional-stability and —-control characteristics willl be
presented in a future report.

The stabllity and control charectceristics as determined
in flight and as predicted from the results of wind-tunnel
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toats can be analyzed 1n varlous ways., In this report the

4nte -derivod from the-wind-tuannel-teste are £irst compared
with flight—-test rosults in the Iorm normally. used in Llight
reports %airspceds, control forces, and clevator angles).
Comperismms 2f this type indlcate the degree %o which the
handling characteristics can be predicted, but do not readily
shoyw the recasmns for dlscrepancles, Hence, data in ecnof-
flclent rorm are derlved from the' static-longitvdinal—
stablllity flight tests and compored in this form with the besle
wind-tunnel data. By this mcthnd tho roasons for any dlsagroe—
nent in the results can bo dctermined in terms of baslc aero—

- Gynanic coefflclents cnd derlvotives, :

DESCRIPTION OF THZ AIRPLaANE

The airpluene ls a twin-onzgine, lowv-wing, modiun—slze
nonnniancs. it 1s  oquippoed with reotroctable convensionai-~
type lending geoar, twin vertlcel tall surfoces, and Fourler-—

a . T e = . 1 . -~ Ty o+
trype wing fleps. Figures l(a) ond 1(t) are pantographs 9of
tle alrplanc as lnstrumcated for the flight tests, and
fTilgure 2 18 o threo—viow drawing. Thc general gpecificatlons
ant dlmensions are nroscented in tables I, II, and III,

The de-lcer Etoots and attaclking rivauts n the leading
cézges »f Slhic wlag and fixecd tall surfaces were remdved before
tiae Tlizhs tests in order to slinuleotc conditlons 27 tle wind-
tunncl tesats. Tiie l1nles for tho rivauts were scalcd vith
geotclhh tnoc, and the alrfoll lacding cdge was sanded cnnaitl

(fige. 3 and 4),

The relatlon between contral-coalumn po2sitlon and clevator
angle as measurcd nn the ground with no laad on the controal
surfaco la glven 1a filpuro 5. The olevatsr angle 1s deflnod
as thec ocagle betweon the clovatosr €ad stabllizer choyrd linos,
The centor soction »f the elovotnr coneisted of an upper—
surface tall flap whilchh opcratasd 2nly when the elevator wos
" at on up defleetlon (figs. 6 ond 7), I1Mtion of this tell flap
vas reslsted by o light bungooe.

Tho force charactorlstics »f the olevator system, which
wos moss-unbalanccd, &8 mefsurcd 2n the ground durlng slow
novenents of the control column, are glven in figure 5. The
clevator was equlpped with conblnatisn trim and bonst tabs.
The boa2st—~tab ratis uesed durlng %lc flight tests woe
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sy roximately that reccmmended in reference 2. The relatlons
betneen tab angle, tab cockpli—indicator setting, and elsvator
engle are shown 1n figure 9. :

DESCRIPTION OF THE MODEL

The 1/%-scale model of the airnlane (fig. 10) was the
same model as used in reference 1 with the exceptlon of the
horizontal tall. The ordlnates of thc alrfoll sections of the
stablilizer and elcvator were determined on the alrplane at
fcur statlons. The contour of the model tall was then modified
to correspond to the full-scale horlizontal tail. The majlor
differences between the model and the full-scale alrplane werc
the lack of tabs on the model control surfeces &nd the method
of fastening the elevrtor flap to the tall, On the airplane
the elevator flap had a plano hingec; on the model 1t was
ettached to the elevators for up deflcetions, and to the teall
cong for down deflections. There was a suall gap between the
etabilizer and elevator flap for up deflectlion of the elevators
to eliminate friction effcets in the measurement of the
elevator hinge moments. The hinge roments were measured by
mcans of reslstance-type strain gages on the elevators.

Power was supnlied by two electric nmotors which drove two
thrce—blade right-hand-rotation 1/9%-scalc propellers. Tho
propeller-blade angle (30° at the 0.75 radlus section) was
soleccted as a good compromisc between the high-and low-speed
powci—on flight conditions.

SYMBOLS

Definitlons of abbroeviations and symbols used in this
rcport arc &8 follows: )

l.A.C. wlng mean aerodynamlc chord, fect
Vi correct lndicated ailrspeod, miles per hour
8¢ clevator angle, degrces (measured bctween elevator

and stabilizer chord lines)

S5y total elevator-taeb angle, degrecs (sum of trim
and boost angles) _
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elovator trim-tab sotting, degrcos (doecs not 1nclude
boost engle)

U 4 = carmm—m = 4 - - - [

alrplane welght, nounds

the algebralc sum of the components along the alr-
plane Z-axls, of tho alrplane acccleration and
the accolerafion due to gravity, in termg of th
standard gravitatlional unit (32.2 ft/soc”).
Posltive when dirceted upward.

frce—stroam dynamlo breqsure, poundeg per square foot
wing area, square feet

airplane 1ift coefficlent (VAz/qS)

elevetor control force, »nounds

propcller thrust coefficicnt (T/oV>3D3)

angle of lncildence »f the horlzontal tall as measurecd
frnn the fusclage refercnce line, decgrecs

distance from lceding cdge »f mean acrodynamlc chord
to test center-of-gravity locatlinn, foot ver ii.A.CT.
in foet

pltching-moment cocfflcient about the centcr »f
gravity

pltching-moment concfflcicnt about 0,298 1£,A.C,

rate of change of pitbhing—moment cooffloclent with

elevator anglo 08 (tab zero, 1lift coef-
ficlent con%tant?cm/ ° !

rate of change of pltching-noment coofficient wlith
11ft cooffioclent dCpm/aC;, (tab zero, elevator
angle consta.ntsl .

ratc of change of pltching-mnront cocfficlent wlth
tall anglc of incldonce oCm/dlr (tab zero, Lift
cocfficlent and clevator anglc constant)

elevator hinge-moncnt coefficlent
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Chg rate of change of elevatdr hinge—monent ‘coefficilent
with elevator angle oCn/d8e (tab zero, 1ift
coecfficlent constant)

Cth rate 7f change o»f elevaetor hilnge-monent coefficient
with 11ft coefficient &0;/0C; (tab zern, elevator
engle conistant)

chST rate 2f cnange »f elevatnr Llnfe-mment cnefficlent
with total tab angle oCn/08m (elevator anzle and
1ift coefficlent cmnstant

TESTS

As nentloned in the introductin, the resulis presented
and discussed in thls report zre coa’ined to the static longi-
tudinal stabllity end co2atrol, elevator coxtrol in turning
T1lizht, and elevator control in lanling, Tl following ie a
brief description of the teets and ethnds of computatioa,

Flight Tests

A descriptlon of the baslc coaflguretlons for alelh flichk
tests were conducted is as f2llowa:

ot

Position i Power . Anproximato |
i i 1 ' i ! indicated
: | X ' Ingine - Brake |
Condition b, I Gy, COWL Eelisgzi'g spoed | horse— l :ff;gg
P =1 flap I(i;'n H) potting i power per _Zmph)
! L | AR (rpm) |[engine® | |
% o ! i ; Propsllor; i
Glide | Up ' Up |Closed | Throttlea | 20% 1D - - 106
i | : . 1 high
; = ! j pitch
Climb | Up | Up |Closed | 36 | 2k00 1350 8l
Full ! | !
Landing |d.own  Down| Closed Throttledi eko0 - 97
Full | ! !
Approach |down !Down:Closed | 20 | 2k0o0 530 &
(38°)l l ' i

IFrom engine-performance chart for low-blower gear ratlo at 5,000 faut.
Plecerd limit indicated alrspeed — 350 miles pur hour with flaps a-d
goar up, 140 miles per hour with flaps and gear down.
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Althnugh there were small varlatlions in welght due to
belldst ‘and ‘to fuel ‘consumption, the average alrplane grors
welght for all the tests was of the nrder of 25,500 pounds
(the nornmel alrplane gross welght), This value ‘has been used.
as standard for computations., Three different center-of-
gravity loeatinns were used during the tests (approx. 0,240,
0.275, and 0,325 1li,A.C., flaps and gear up). Average test
values are nnted on the figures., The averagse pressure alti-

tude for the statlc-longitudinal-stebility and turning-flight
tests was 06000 feet. ' Lo

Static-longltudiral—-stabllity characterlstics.~ The
varlation »f elevator angle and cnatrnl force wiltih elevator—
tab settlag was measured in steady straight unyawed flight
as verious constant indilcated alrsneceds in the glide, clinb,
landing, and approach condltions, At each alrspeed tihie
pillot varled the tab setting to zive akout five different
velues of contrnl force 2ver a silzablc range. Taesc tests
were perforned witlls the center »f gravity was at thres
cifferent locetions. Crass plots »f elevator angle and
contrnl force as functlons »f indlcated alrspeed were
derived for varlous constant elevator trim-tab settlngs.

The plichling-moment charactcristics of the alrnlienec
ere derilved for the glide, cll:ib, landiug, and approach
coditiong in the form »Ff piltehiag-moment coeffilcicernt
Cro.a0s 88 & function of 1ift coefficlent Cr for varlous
cmetant clovatn:r angles 8g. In the deternination of the
rlizht—-tcat valucs, the variatisn »r elevator angic
(correccted tn totael tab anglo »f zorn) with 11ft coefficlent
for cach ccnter—of—gravity locatlon and flight conditlon
wag 2btalned from replets of the curves of oelevator angle
plotted against eirspeed, The nitching-m-onent charccterlatics
for cach comlition were determincd from croas plots {clevator
angle constant) of thesc curves. Iift and pltching-mnrent
coefflcients were conputcd froo tho f2llowlng forpulcs:

YAy
qs

Cy, =

Cug. 208 = ~Cp,(x ~ 0.298)
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The elevator hlnge-moment charecterilstics were derived
for the gllde, climb, landing, and apprnach conditions in the
form of curves of elevator hinge-moment coogfficlent COp as
& functlon- of 117t ‘coefflcient Cj;, for constant elevator
anzles 8p (total clevator teb angle of zero). It waas not
poaslble, desplte thc cxtenslveneas of the test data, 5 usc a

direct analytical nctiiod to determing thesc clevator hinge—
nonent. cocf'ficlents for flizht, 3Snall crrors in tiic Deasuroc—

nent of ebsolutec values of clevator-teb sctting werec prescat
from flight to fllght, although the ncasurcd changes 1n
elevator—tab scttiag for a glven flight arc conslidercld accurate
to £0,2°, Duc to the large tab cffcctivencss, these small
crrors rcsulted in inconsistent data whon an attonpt was made
t2 cstabllish hinge-mnuont charecterlstics by a dircet systom
nf crogs—-plotting. n order to ovold tids difficulty, a cut-
and-try svstem vag criploaycd. Tho hinge-noment curves were
cstinated and adjusted to give charceteristics which, wlhien
uscd in computations, rcsulted in the best agrcement wltl: the
flight varlations »f control forco with indicatcd alrspeccd.

Flight valucs of tab cffootlvoncse Opg, (vihere 8p = total

tab angle) were dctermined from the slope, over the range
of approximate lincority, of curves n»f clcvator control force
plotted agelnst clevator trim-tob sottlng,

Elevator contr2l in turning flicghit.~ Steady turns of
differcent constont acceleration foctors werc perfaorneé at
varisus airspccds in the climb conditions for three center-
of-gravity locatloins, The variatlons of clcvatosr-angle and
coutrol-force zradionts A§g/Ady arnd AFg/AAy with eirspocd
werce derivecd fron these data,

Elcvator contrnl in landing.- ILandines werc mado at
dlfforent contact alrspceds over a safo and feaslblc range
for the forierd and reorwerd test contcr—of—gravity locotlona,
Thesc testes werce performcd in tié flepo—full-dowm, poucr—off
condltlon; that is, the leancding condition uscd in the stablllty
tosts. Tho olevator-tab sotting uvsod durdng tic landing tcests
s thot normelly uscd by the pillot ir londings fer ke glven
test ccnter—of-gravlty loccotinn,

"ind-Tunncl Tests

The procedurc for the wind-tunnol tcate was the sanc as
that outlined in refercnce 1, but tho data prosonted Lereln
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worc obtnined from repeat tests

vhich have not been rcported
previously, - . o e e

Y S— e ~—

-

Baslc data,— The data were »btalned from constant-
tirusT-cacfTiclent polar tests as described in refcerence "l.

Conditio-nae for the repeat tests are shown in the followlng
table: ) :

indol Tlovator angl Tall Thrust—
conf?gugation © (deg) e incidence | coefflclent
L (deg) range
hflaps and gecar up 0, %7 o] -0.046to
O.
Flepe and gear up ~15, -gg: -28, 0 0 to 0.1
]
Flaps riid goar up ] 0 3.75 . 0
Flops 3S°, gear dnwn 0, ®7 i 0 “00342t°
Flope 337, gear dvwm -15, -20 0 -0-843‘5"
| Flaps 337, gear dowm 0 3.75 0

Estimeted flight T - C;, reclationshlps for the varlous power
condltions (glide, climb, lending, ond approach) were uscd in
the derivations »f crass plats Tor the various flight condi-
tlons., From thcase ocross plots the wind-tunnol data of pltching-
noment cocfficlent COp Aand clevetsr hinge-moment cocefflclcent
Cn Wwerc nbitaincd as a function of 1ift coofficlont Cp. All
data worc cnrrccted for wind-tunneol-wall offcets and support-
gtrut interforence. ’

liothnds for Prcdicting Stabllity
and Control Chaoracteristics .

The variation »f olevator cnglec and control force with
indicated airspoed for stoady stralght unyawed flight and the
voriations 2f AFg/AAy and A8y/AAz in turning flight with
indicated airspced were computed by the.methods outlined in
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refer2mce 3, The elevator-tab effectlveness used in the com-
putations was estimated frnm reference 4, as the model was nnt
eculnped with tabs. In all of the computations the airplanc
gross welght (26,500 1b),' center-of-graviiy locatlions (noted
on figs,), elevaitor mass unbalance, mechanical advantage of

the control system, and bonst-tab ratio as measured on the alr-
plane vere used.

The varietlon of elevator angle and control force with
contact alrspeed in landings was computed by the metilods of
reference 3. The ground erfects used in the computation of
the =zlevator angle and contrnl force in landlings were deter—
nined by two methnds, Tests were made with a ground board in
the tunncl, and the effects of tic zPound »n the upwash angle
at the wing and dowvmwash at the tall were also cnmputed fronm
refereice 5, i

RESUITS AND DISCUSSIOX
Static-Inagltudinal-Stablllity Charactcrlstics

The results for the varlous flight condltions arc dls-
cussed first as to the degree of correlatincn (as indicated by
curves 2f the flight type) betwcen flight—test and wind-tunnel
prediotion. The rcasnsas for the agrecment »r disapgreocment arc
then oxplalned by refercnce to the data in cocfficlent form.
For thls analysis, exaninatisn of the sftatic-longltudinal-
8tnblllty cquations indicatcs that the differences betwoen tho
flight-tcet and prcedicted varlations »f elevator angle with
indicated alrspeod can bo ascribed t2 the followlng factors:

1. AGmCL Gifferences in GEGL

2, ACpgy difforcnces in Cug

Tho stick—frec stablility cheractoristics in steady flight
can to shown br curves of Ch plotted ageinst COre. The
following cauation can be writtcn fron theso curvoes:

dcn/acy, = Ong, + Chg (d8o/dCL)

The stlck—~froc stabllity, as mocasured by the variation of
clovator stick force with indicated alrspeod, is a function
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of dch/dc%,,  and hence differences between the flight-test
and predicted variatlion of glevatnr control forge with . .
indicated alrspeed can be ascribed t» the followlng factors:

-1, 4(d5¢/aC;) differences in stick-fixed stabllity, as
measured by a8g/dCy,

2, ACh, differences in Chg. The effect 1s largest when
' dge/ch is large (forward c.g. location).

'3. AChGL dlfferences in GhCL

The values 2f Cn should incluce the balancing effect nf
the teb, However, for this elrplene the wind-tunnel values -
of Chg, elther for tab neutrel or with Doost tab included,
are ln all cases greater than tiinse meesured 1n flight. For
cvenlence the tab-neutral valves >f cha are used 1in the

dlscussion, since the qualitative condition 1s the same for
eltiher cvnéition. The' value »f tob effectlveness cham 1s

presented in figure 11, It should be nnted thet the control
force per unit 2f hinge-moment coeffilclent 1s a direct functlion
nf dynamlc pressurs, and hence a glven change in hinge-monent
coefflclent can have a negligible effect nn coutral force at
~ow alrspeeds but a largse effect at high alrspeeds.

lide cnndition (figs. 12, 13, and 1l4).~ Both the
flight—-test and predicted varliatlion of elevator angle with
indicated airspecd (fig., 12) show stick-fixed stabllity over
the speed renge "for all test conter—nf-gravity locatlons,
Compared to tho fllght-test stability, the prediocted stabllity
is sllightly low in the low—-spced range and slightly high 1in
the high-speed range. Flgure 13 indicetes good agréement of
valuecs of Cpss &nd analysis shows thot the small differcences
in stabllity Qas neasured by 'd8e/dC1) arc duc primarily to
the corresponding dilfferences in GmcL.

The stick-free stabllity (fig., 12) 1s positive in all
cascs. In the low—spced range with the center nf gravity at
0.240 and 0,274 ii.A.C., the predicted curves show greater
stabllity (as nmoesurcd by dFe/avi) +than flight, The prcdlo-
tions glvc less stabllity than fllght in the low-spced range
with the conter of gravity at 0,323 ii.A.C.,, end 'in the high-
opced ranga for all tost center—of—grevity logations. Flgurc 1L
indicates that thc wind-tunnel valucs »f Chg &rc more
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nezative than for flight, especlally at up-elevator angles,
AT the larger lift,coefficients, tlie values of Ch are 1n
cooC agreenent, bub at 1ow 1ift coefficlents the wikd-tunnel
values are norc negatlve. The greater stlck-~free stablility
gl:omii An flpure 12 for the predloted curves in the low-alrapeed
rents witi the center of gravity at C.240 and 0,274 ii.A.C. 1is
due prinarily to the ACh, effect, vhich 1s greater than the
destabilizin~ effect due ©o A(dA8e/CC1)e Tith the Center af
%ravity at 0,323 1..4.0., thls destabillzing effect A(d8e/aCL)
ecomes Dredonlnent and causes lower .oredicted stabllity. In
tlie high-speed renge (above trin; She nredlcted curves (fig.l2)
arc less stable for ©ll center-of-zravity locatlons tested,
Yere the Gestabllizing effects of Acth and A(&8e/dCL) erc
prcdonlrant, with the stablllzing cffeoots of Achs becocing
sreller as the center of gravity poves rearvard (0e323 ZI.ACe )

Cilmb condition (figs. 15, 15, and 17).~ Tae predicted
clevator—angle curves (fig. 15) show stlek—-fixed stavility,
excent with the conter 27 gravity at 0.324 if.A.0. Although
tre amreement is good in the high-snced range, the "filight
curvos indlcate lnstablllty 1n thc 1ov—speed range for all
tost conter—of-grevity locetlons. IZxamination »f fizurc 106
ghows that, since filght and wvind-tunacl velucs »f Cpg are
atout the sare, the nlgher predicted stabllity at lesrge 111t
cnecfficleonts 18 Aue primarily to tio iorc ucgatlve valucs of
CECL for the wlndé-tunncl tests.

The flizat control-force curves nrescnted in figure 15
91 trin spceds af 145 nllos peor hour (&porox, speed of best
climb) and 225 niles per zour (apHroze level-flight specd)
indicato instatility »or unstable tondeirclos at low spocds in
all cascs, Tue predictoed curves sh7 lnstablility »anly for
0,324 7.4.C. centor—of—gravity locotion, and, 1n goncral, show
groator stabllity et 1ow snoeds. a4t encéds abosve trim the "nly
Instabllity oocurs, both la fliznt end in predieted curves, for
tie 0,32l 11.4,0. locatlon with 145 nilcs por Lour trim speod.
In seneral, tho prodictod force curves indlcatc icss stelllity
than rlight for specds abdve the trlnm speed. Figure 17 showvs
that “the wind-tunncl velucs 2f Chg; &re sllghtly more nega—
tive at hizh and low valucs of lift oncfficlent, end tnat thc
rinf-5unncl valucs »f Ch arc nare negative than the flight
valuecs throughout thoe 1if§—cocfficiont rocnge.  For both trin
conditions the samec offocts nrcd-ominate 1n nost cigis.b Bolnw
the trin spceds, AChg coffcots orc cloost nogliglble beecauso
ase/act 12 snail, ana the cffoct »f AChCL %s negligiblce,
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However, the A(d6e/dCr) effect causes the wind-tunnel pre—
dictinone to be more stable. Abnve the trim espeeds the AChy
and A(dse/dCr) effects are negligible, but AChg. has a
destabilizing effeot. _ -

landing condition .(flgs, 16, 19, and 20),~ The variation
of elevator sngle with alrgpeed (fig. 13) indlcates large
stick-fixed stabillty 12 all cesea. The predlcted stabllity
egrees well wlth flight In the upner end of the test-speed
range -(about 1U0 nmph), but 1s less than in £ligkt in the low—
speed range, Flgure 19 shows that both Cpy and CmCL

are nnore poslitive for the wlind-tunnel tests at the lower
117t coéfflclents, These two effects tend to cancel, and
thus the agreenent with flizut is goindé., At the higher 1ift
cneflfliclents, Omg. 18 much nore negative for flight, whille
Cag values are avhut the sanc, and henze the predicted
svabllity 1s t22 great.

T.in eontrnl-force curvesa 2T flgure 18 show sticl—free
2tabLlility in all cases, The slopes are 2f the sane order
above trinc speed, vut at low spceds ti:c pull forces for
Tlizht are much greater wlth the center of gravity at 0.229
end C,235 il.A.C. Figure 20 giiows & more positive Chgy for
tha vind-tunnel teats, and a more ncgatlve Chg for up-
elovator engles. Thesz effeet:, caivlned wilthh that duo ta
A(38c/dacy), tcnd 7 caacel, anc zilve falr agreement »f tie
rcaultant forcec curvcs in rost cascs, AT 197 spoods with
the centor »f gravisy at 0,229 :I.A.C, and 0,255 :i.A.C.,
Lowever, the largo up-clevator anzlcs end large d2m-tab
anzlcs result in a great losas »f tab effcotivencss in flight,
and Ience tiio fiignt pull farces erc nuch greater. Some
1éca 2f the settings at wilceh the tav cffootivonoss chsm
begine t9 dooroesc repldly cen be galnod from figurc 21,7
in which tiiceo tab sottings arc plntted as & functinn of
clevator englec, Thosc data vorc »sbttained from the plets nf
contrnl force and olovator anzlc agalnst tab sotting.

Apprnach condition (figs, 22, 23, and 24).~ Stick-fixod
stabllity is indlecatcd Ly all the clevator-anglc curvos »f
figure 22, and tho agroecnont botuocn wind-tunnel and flight
tests 18 good. Althnugh thore aro irrcgularitlos at large
1ift coefrficlonts, in genoral thc valucs of P2th Cpg
and Cpg' ncasurcd in the wlnd tunncl aro moro positivo than
for flight (fiz. 23). The toendeney »f theso offoots tn
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balance each other leads to good agrecment in the resultant
values of d8e/dC7.

The control-force curves of flgure 22 show stick-froe
stebllity in all cascs except at low soceds with the conter
of gravity at 0.314 1I.A.C., and the agrcement betvecn pre-—
dlcted and flight data is vory gond, Thls agrecment 1s due to
the fact that, although there are diffcronccs in Cheyy Chge

and d8,/aCy, (figs. 24 and 22), the diffcronces ore small and
the effcets tend to cancel.,

Diffcrcnces in longltudinal-stabllity derivatlves.-
During the tests and preparafion of the cata prescnted, it
bcoame apparcnt that numcrous factnrs would nake correlation
difficult for this alrplanc. Undoslrable characteristics of
tho airplanc, sucir as the gencrally large elcvator and rudder
comtral forces, and control friction, made 1t hard to obtaln
accuratc anéd conslistent date in flignt. Physlcal differecences
betveen the airplone and the nodel, nccessary because »f the
snell nodel scale, lncluded the nnlasinon of tabs from the
cotrol surfaccs and siight differences 1n the slcvator flap.
Thesc factors, conbined wlth the possible errors due to control
friction, large mass unbelance, and changes in tab cffcetivo-—-
nceg, made accurate preodictions 2f olevetor control forcos
oapcclally difficult., Tho fligh%S Ts ~ CI, rclationshlips for
the varlous power cnnditlona cnuld only be approximated from
manifold prossurcs and cngince speed &s the alrplanc was not
equiyped with thrustmeteors or torqueneters, and, due to the
large effecet of power »n tihie stabllity charaecteristics of the
alrplanc, thils led to discrcpanclos between predicted and
flight-test rosults,

For all conditlions, the dlffcrences in stick-fixod
stabllity as necasured by 'd8y/dC;. &re duc chlefly to
differences in Opg, at large 1lft cocfficlents. For the

clinmb conditlon (fig. 16), tho more nogetive Oy, for tho

wind tunnel l1ls probably due to & locel stall over ths mndel
wing ront. Thls causcs a deccreasc In dmmwash aver the tail
an¢ a resultant increasc 1n stabllity., It le possiblec that
for the glido, lending, and approoch cnnéltlons the thrust
coefficlente used 1n the prediotlons arc higher then those
actuclly prescnt Iln flight. Thosc dlffcrcnces, whilch arc due
prinarily teo tho crrors in calculetlions »f flight thrust cocf-—
flclente ot low manlfold pressurcs and low alrspecds, ray
result in norec positive predlcted values of GECL at largoe
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11ft coefficients as measured in the wind tunnel, The effect
-18 especlally evident for the landing condition (fig. 19),
for which calculatlions based on model-propeller data and
flight—propeller speed indlcated negative fllght thrust coef-
ficients (approx. T, = —0.,04)., The differences in stick—
.free stabllity, as. indicated by the variation of control
force with alrspeed, do not appear to be controlled by any
one factor. . The summation of the effects of A(d8g/dCy,),
Achclp and Acha depends on the conditlon, alrspeed range,
and center—of-gravlity locatlon, and in general the effects
tend to cancel. The nnly situation in which AdSg/dC; nas
a large effect 1s at low speeds in the climb condltion, where,
as explained previously, the uore stable dsg/dC;, for the
predictions 1s due to more negatlve Cpg, values. The

differences in Cnhg, &8 measured in the wind tunnel and as

estlmated from flight are nnt consistent for all conditions,
and are probably within the accuracles wihilch can be obtalned
wlth the test and calculation mecthods which were usecd. The
previously mentloned inabllity to matech nerfcetly the power
condltions no doubkt leads to some error in Chg as, for
exarnple, in thc landing condition (fig. 20). The values »f

Cha messurcd 1n the wind tunnel werc greater in all cases
than thosc estinated from the flight data, although for down-
elevator angles the dlscrepancics arc saall, Iittle change

in elther Cmg or Chg 1s shmm botween up~ and down-elevetor
anglcs for the flight tests, whlle thc wind-tunnel tests show
rnuch morg ncgative velucs of GDS and Chg in all cascs,

The nmajor portion »f this changec 1s bellcved t» be duc t2 the
diffcercnco between the model and the alrplanc clevator flaps,
_Alr flow through the model clevetor-flap gap probably caused
senmc 2f the incrcaso in tho clevatsr cffeotivoncss and changed
thoe pressurc distribution so thet tho hingoe moments wore
incrcased, '

Zlovator Contral in Turning Flight

Tho elovator—anglec gradlonts in flgurc 25 show gnnd
agreonont betwoon flight and predilcetinnas., The eontrol-forcc
gradlents, whlch in all casos arc oxcessive, arc in falr
agrecmont except for the forward (0,240 ii.A.C.) ccntor—of-—
gravity location, '

. tt 1a not possible, duc t» the greator numbor of
varlatlos lnvalved, to analyzc tihils turning-rlight data from
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a conefflclent standpnint in the detalled manner used for the
statlc~longltudinal—-stablllity discusslon, Satlsfactory
correlation in elevator-angle gradlents -would be expected,

as the Cp -~ O, relatlionshlps indicate gnod agreement in the
glide condlition (fig, 13) and in the oclimb condition at the
lower 11ft coefficlents (fig. 16), It appears that the allow—
ances made for the curvaturc of the flight path, changes in
the Te — C1, relationshlps, and Cpym wore sufficiently
accurate to permit satlsfactory predictions. The many factors
and stabllity derivatives which affccet the contrnl-force
gradicnts are such that falr egrcemcnt results from the pre-
dictlons. Iliost nf the inocrcase 2ver the flight valucs of the
prcdicted contronl-force gradient wlth ccnter of gravity at
0,240 i.A.C, may be attributed to thc large negative Cng for
the wind-tunnel tests with up.elevator anglcs.

Elevator Control in Landing

Althoush the agrcement in absoslutc values of elevator
angle is erratic, the data presented in figure 26 for both the
£light and wind-tunnel tests indlcate that sufficlont elevator
control is avallable Tor low-speed landings 2ver the centcr—of-—
gravity range, but that the corrcsponding clevator control
forces are cxcesslve,

liogt of the flight-test landing approaches werc madc with
power on and thz throttles were cut bacl =rior to ground
cnontact, OZxamlnation of the instrument records showed that in
tho test landings with the center of gravity at 0,316 il.A.C.
(fige 26(b)) the cnginecs worec throttled comparatively carly in
the approach so that the power conditlons at contact were very
sinilar to thosc uscd in the landing—condition stablllty test
at altitude, In many of the landings wlth the ccntor of gravity
at 0,224 1i.A.G, (fig. 26(a)), howovcr, the onglnes wore throttlod
nnly scveral scconds beforoc contact, and tho power conditlions
at cnntact werec thus soncvhat varliable,

Thcspredictcd valucs of clevator angle prcscnted in
filgurc 26 arc greater then for flight, Both methods (model
testod in the prescnce »f a ground boord and computed ground
offcet) used in the predictions gave similar valucs. The
flight curves show littlec change for the forward contcor—of-
avity locatlon botwcon the volucs nbtalned at 6,000 fcet
%gig. 18(a)) and thosc obtaincd during landing (fig. 26(a)).
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The reasons for the small ground effects 1n flight are not
apparent. The dynamlc Tactors 1ln the flight tests were
snall and lncsnslstent. 'It ls hnt belleved that they would
account for the smaller ground effect experlenced in fligutb
as conpared with that obtalned in the wind tunnel,
~ Difflculty waes encountered 1n naking the landings due to
high control forces, and consequently the landing technlque
varled somewhat from flight to flight, 8talling of the tab
&t the large down-tab and up-elevator angles may result in
some reductlon 1n the up—elevator angle requilred.

The ‘correlatlon between predlcted and flight values"
of elevatnr control force for landings (fig. 26) is very good
wlth reepect bnth to the slopes »f the curves and to the
absolute valueas of force., For tne purnose 2f comparlson,
the tab setiing used in the predictions was that which gave
zero control force at the same contact speed as for the
flight tests., As was the general case for the control Iforces
in the stabllity tests, the differcnces in the varlsus factors
(including ground cffect) which influence the control forces
tended to balance sach other and this resulted in satls—
factory correletion, The larger pvll forces indicated 1n
figure 18 for the stability flight tests at altitude with the
forward centecr—-of-gravity locetion spparontly werc compcen—
sated by the greater predlcted un—elevator angles reculred
in landing.

COMCLUS IOIS

Baascd on tho data presontcd in this rcport, the follow—
ing conclusions can beo drawn wilth rogard to the corrclation
of the longitudinal-stabllity and -control characteristlcs »f
a twin-onginc patrol sirplane as ncasured in flight and as
predictcd from wind-tunnol tcstse

1, The wind-tunnel predictions indicatod critical
unsatilsfactory longltudinal-stabllity and —cnntrol character-
istics, the most scrinus of which wore the large olcvator
control forcos in manocuvcring flight and in landlngs.

2. The chief rcasnns for tho unsatisfactory character—
istios and possiblo mothods »f iuprnvonent can be doduced
from tho wlind-tunnol date.,
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3« Careful sinulation of .the actual alrplane, with
regard both to the model (especlally the control surfaces)
and to the control-system characteristics (mass unbalance,
boost-tab ratln, mechanical advantage, etc.) used in the
computations, 1s necessary for satisfactory predictions,

4, Accurate informatinn »a the flight conditions end
Jperating techniques must be avallable for the predlctlons,
The power corditione were especlally critical on this alr-
nlane, due to Tthe large effects of poawer on longitudinal
stabllity,

5 The aerodynanic longltudinal-stabllity derivatives
as estimeted fron flight-test data and as neasured in the
wind tunnel were, ln general, in gnod agreement. The dlffer-
ences were partially due to physicel dissliailarities between
the madel and airplene and t9 laperfect matclilng nf power
cnondltlions,

Anes Aerornautlical laboratory
I'ational Advisory Comnit%ee for Aernnavtles,
iinffett Fleld, Callf,
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TABIE I.~ GENERAL CHARACTERISTICS CF THE AIRPIANE

Normal groes welght o« o « s ¢ o ¢ s o ¢ = » o o« « 26,500 1b
Genter—of-gfavity locations | .
Mormal (8T UP) o o o o o o o o o o« + o » 0,298 14.54.C,
Formal (ge@r A0TM)e « o o s o o o o o o o o 00287 I.4.C,
Most forward allowable (gecar dmm). . . « . 04235 :1.1.0.
Host rearward alloweble (gear up) « « « « « 0,331 1%.4.C,
laxipum allowable maneuverling load factor
(for normal gross welght) « ¢ v ¢ ¢« o « & : P T
Control-whecl dlamoters « « o« o o o o o « o o o o o 1410,
ENGINEB o + « + o o o o s o 5 8 o a o 8 o s s s o s s o o2
1:0€e « o o o o o o s o+ » o o Pratt and Whitney R-2800-31
Propeller—geoar ratlo. « o« o s o « o« o & o o o « o o 1629
Propcllers

8K8s « ¢ o« ¢ o s+ & s s « o ¢ Haallton Stendard, constant
speed, blede nn, S477A-12

Dimeter- L ] L L L ] L] L J L] L] L] L] L [ L] L ] L[] L - L] L ] .10.50 ft

NumbOrOfblﬂ.d.eB........-........ th_re_e
Low~-pitch D1ado Bt e o « o o o 5 o o o o s s o o o o 267

High—PitCh blC‘.do StOp [] [} [ . [] o. e o [ I } [} L] e e s 880
1
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TABL=Z II,— WIFG AND FORIZONTAI-TAII~PLANE
DINENSIONS OF THE AIRPIANE

21

Iten Ting Horizontal toil
Area (sq ft) 1576 133.96
Span 65.5 25.86
Aspcet ratlo 779 5.00
, Taper ratin 83,42:1 | e
. Dihedral 33 3 0°
| Incidence (with respect to 20 0”

fuselage refercnce line)

Root sectlon

WACA 0013

Tip scction

AL 23018
iIACA 23009

HAC) 00C9

mwist (geonetric) 'ne inlie
c1.A.C. (£E) 110,27 |  —memm———r
I Ront chord | 213.78 @ e |

1 Includes tralling-edge cxtension,
Exclusive 2f trallling-cdge cxtcnslon.
3 Heasurcd on top of main boan,.
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22
TABLE III.-—~ EILEVATOR AI'D FLAP SURFACE
DIIENSIONS OF THE ATIRPIANE
Dicvator '
Fleps -
Iten 1up Down ' (Fowler)
Area aft of hinge
Iline (sq £t) 40,1 3541 52,3
Average chnrd aft
of hinge line (ft) 1.97 1.97 3433
an (ft 4t hinge lino | At hinge line
span (ft) 20,21 17.90 15.72
Bnlance, type Boost tab | Bonst tob e e
Balance area (sq £t) 5e3 i BeZ | e —
Percent balance 13 { 15 ——
0 i 20
Gontrol travel (deg) ggo B gSO own | 387 dowm
Trin-tab orca (sq ft) 2,015 | 2,015 | ————m—m —
Tab spen (£4) 4,25 4,25 | ———— —
Boost ratln AGT/AS ~0,30 2ppraxe | =0,36 Opprox, | ———————

14 tail flap betweoen scotlons Nf clevator operatos for up-

cleovator ~nly,
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(a) Front view, flaps retracted.

Figure 1, = The airplane as instrumented for flight teath
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(b) Rear view, flaps

Figure 1. = Comcludeds The airplane as

deflected,

instrumented for flight tests.
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(a) View looking outboard.

(b} Front view.

Figure 3.- Outer wing panel with de-icer boots removed.
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Figure 4.~ Details of wing tip with de-icer boots removed.
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Figure 6.~ Details of tail flap.
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(a) Front view, flaps retracted.

(b) Rear view, flaps down.

Figure 10.- The 1/9-50ale model of the airplane mounted in the
7= by 10-foot wind tunnel,
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